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Pulses produced by cosmic rays iu lonization chambers have generslly been
assumed to be due to the simltansous action of a group of relativistic particles,
namely, shovers, But an avalyeis of the data of various authore, made by D. V.
Skobel 'tsyn [1/, shows that at great altitudes the mein part ofthe pulees i to

“’be explainsd by the action of heavy particles, not shovers.

Ons of the authors of this article with the collaboration of V. I, Vehblor
and V. A. Xkvoles ﬁr vorked cut a mothod for recarding oa films the magnitud> of
pulses criginating simultanecusly in two groups of proportionsl counters. This
method possesses great possibilitles for studying ths generstior of ionization
pulses. A description of experiments by this method will be found below; 1t not
only oorrobarates S8kobel'teyn's conclusion byt also expresmes definite considera-
tione as to the yroperties of particles which generate pulees.

If ionization pulses are assumed Lo be produced by e great mumber of relativistic
aach of which creates only a mmall share of the pulse, then the magnitudes

particles,

of the pnlses criginating under the action of such a shower in twc gromps of pro-

portionil somntess placed one over the other should differ very little among them-

selves. Om the contrary, if the pulses ard creatéd by a emall mmmber of hi,
ionizing particieas, then the megnitudes of the pulses in the two groups of pro=
portional oounters will gemerally 1iffer-greatly one from the other.
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Thie circumstance makes it possible to expisin the maturs of mulses coincid~
ing in time in two groups of propiriional counters. Tests were carrised out in
the summer and autumm of 1946 a% Fam$r in the district of Margab at 3,860 meters.
The apparatue was instailed in a thin plywood house with e minfrmm amount of thick
materisl around the countors.

Each of these two groups of propoartionl counters corsisted of thees counters,
ractanguler in cross eection;, which were connsctsd in parallel and placed in one
comanon epartment. The counter &izes vere ap follows: length of working plecs,
250 millimoters; width, 60 millinsters; and height, 20 miilimeters. The tounters
were filled with argon drled in a technically accurate maoner under a pressurs
of Tho millimmters of Hg. To eliminate traces of water yapur and oxygen, metallic
sodine was placed in ome of the cutleta of the glams part of ths countsre. In one
pert of the sxperiments, counters with a duralumimm cathode . 2 millimeters thick
vers ussd ard, in aenother part, counters with a red clpper cethods, one millimster
thick, were nved. Inasmmch 28 no difference st all could be dlscovered Beilsen
the results cbtainsd with these twu tynes of counters, we shall not in the future
meke any dlstinction between experiments with Suraluminzum and red copper counters.

The comstruction of the counters, shuwing the independsnce of the gee amplifi-
cation factor of the rlace whare the particles hit ths counter, and teste ars
mithtely described by V. I, Voksler and L. H. Boll /3/.

Preseure is supplicd ssparately to all six proportional counters; which makes
it possible bo eet up a unifcorm gas amplification in all the countere. Yhis is
checked by ths mmber of puises in the *Background™ of the counter.

The aratus is graduated by the method vged in the work of Bell, Birger, and
Veoknler / and is basad umor the deterviination of the double co’ncidencea observad
upon the appearance im each of the counters of %o.lzation corresponiing to ths.probable
lonization from relativistic particles. The vorking sensitivity of the apperatuld is
8alécted 8¢ that It operstes when not less than 700 pairs of ions (cimultansous
pasdage of not lese than Pive relativistic particles) are formsd in each group of
counters,

The Trost counters used in this work are 400 millimeters long and 38 millimbters
in dlmmeter. The cathodes are made of duralumimum 0.3 millimeters thick,

The cxperiment correlatos the magnitudes of the pulases in both grcups of pro-
portioral counters into two gruupings (Figure 1i.

Here 1 and 2 are two groups of proportional counters; 3 is a group conpgisting
of 5 Trost counters comnected in parellel; 4, 5, and 5 are eingle Trost countera.
Coanters 4 and 5 have the 3ame dimensions as eech of the nountere in group 3 and
counter £ has a working length of 150 millimataera and a Aiamater nf b0 mi1limetara

In maneownt T the pulses are recorded on film ia both of the propar*ioml
counters when there are triple coincidences (1, 2. 3). Thue, the system has a
threshold corresponding to five relativistic particles ; and pulses of magnitude
less tkan some-valne a do not appear on the film,

.y be seen from the illustration, the counters are arranged vertically and
a layer of aluminum is placed hetwsen them, The total amount of matter through which
a patticle must pass in order to fall from cne group of propcrtioml counters tc
another amounts to about 7 grams per mquars centimster.

In arrangement II the pulses are recorded on the film in both groups of pro-
poriional counters when there are triple coincidermces in Trost counters 4, 5, and 6,
arranged on a horirontal $lane at a gruat distance one frca the otber. 'mms , the
apparatur rscords extenaive showers and the proportional counters are not imvolved
ir sslecting coincidences. Consequently, in this case the apparatus 3does not have
a .kreshold. Magnitudes as emall as desired can be recorded on the film., The ptes-
aura on tha nroportionsl counters and the asnsitivity of the radlo sstup remain the

sams as in arrangement I.
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In arrengemsnt II t0 operate the arperatus the appearancs of extensive showers
\ of at least three particles is nscessary. In arrangement I operation of ths apparaius
i can be brought about even by a single particie if it produces sufficient icnizetion
in both counters. TLe sdmiseion capacity of the ayparatus ie so grout that chancs
triple coincidences are vot an important factor,

The absolute number of coincidences recorded in arrangement I amounts to 66 per
hour and in arzangemsnt II to 12 per hour. However, if we 1solats in arrangement
II those pualses whose magnitudes in both countsr groups are five times grester than
the fonization caused by a rsiativistic particle; them the muber of coincidences
in arrangemert IT will ameunt to only about 10 percemt of ths number of colmcidences
in arrangement I.

‘I‘hs pulas distritution according to magnitude in both groups of proportional
counters is represented in Figure 2. Heavy dots and trianglee refer to pulses in
the upper and lovwer groups of proportional countera in arrangemsnt I; circles and
1ittle crossos rafer to the @ame cunters in arrangemeni Il. A3 may bs seen fram
the illusiration, the distribusion practicelly coincides for the upper erd lower
group, but the resulte obtalined from arrangement I diffar sharply from those obtainsd
from arrsngement IT. This circumstence undoubtedly imdicated that the ccincildences
in arrangement I are produced not by showers compossd of relativietic perticles tut
by the fermation of secondary perticles in doth groupe of proporiiocnal conmbers.

It mey bo assumed that in ietermining tis wensitivity of ths apraratue soms
error 16 probable and thet in the opsravion of the apperatws, pulses also register
lese thar: TOO paire of iona, in which connection the colncidences in arrangement I
are then explained by the ususl flactustions in the ionication cf relativiastic
particleg. However, the absoiute mumber of coincidences and the comparastively slow
Acevcaan n tha milas Afatrdintion mwwa apnerding 4o mamnidnds fohon the moamideas
of the pulses doubles, the. zumber of pulses decrease to ons third show with absolute
clearnesa that 1t 18 incorrect to expizin the origin of the recoxrded coincidences
by fluctuations in ionizatfon, In fact, according to L. landsu's thecry /5], the
probability of triple coincidences is eight times greater than the probability of
sixfold coincidences.

. .

Pulpe distribution qﬁccmwiing to magnitude may be approximatnd by a fmgxh
of the type £(A)3A = Be 44, vhere A is the ugaitulde of tne puise and £(A) le ths .
muber of pulses of maznituie A, with B andfae constants. The curve roferring to
arrangement I I8 rlovted witL 0%20.50; the curve for arrangement II with X¥0.27,

The correlatlon between tho magnitudes of pulses in both grouve of. proportional
counters is calculatod in the following dis.assion. ’

Ths ordinate axis measures the magnituds of pulse Al in the upper group of pro-
portional counters, and ths alclssa ails rwasules Lhe waguilude of puise Ay in the
lower group of proportionmal counters (Figure 3). Then each mlse (A, A5) Will be ,
represented by a poimt in the quadrant, In the fdeal case when complete correlation M
(A1=- A2) ooccura; the point is llocated on a straight 1ine 45 degrees to the coordinate
axes. As a matter of fact, however, some scatterirg of the pointes wili be observed.
Lot ue selsct the produced angle 244=2{¢ Tk}, symmtrically locatsl relative to
the blsector of the gquadrant and iet us assume a number of points 2n’ within this
angle fop the experiment in question. On the other side, there may be a mmber of
points 23, each ane of which mist fall inthe selected angls 2A¢, if the magnitudes
ONE 2T AL
| P
con AL
(™)

Lot uas denots by §(A1; Ag) tke distribution function of roints in the plans.
Then, if Ay and Ay ars independent, it follcws that:

FCA, ) A dAy = £UAIFCLIIA 44,
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Aﬁ and A, are independent of sach other and heuce if thers is no correlation beiween
the :
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The comstent C $& determined frum the Normalizing condltion:

§§ 3 C4s, 43) dh, d A, =N

Re O- X
vhers N 18 4hs total uumber of recorded yulses and a ie the threshold of semsitivty
of the apparatus.

——

Bsnco, .
) / ¢ = No(z.aa.via.

By imtegrating,c ard § in polar coordinates, we shall find the mumber of
Polnte within the angle 24% for the case whers there 18 no correslation dstween A‘l

el At
an(g)= 20% MS o ~RPCsingressd)
”/‘Y “7cas¢ a ’
or
n =~:1M¢"“"“‘S eo(Tand $1) 71 o "haClondrl) 46
: 7y I +sin e

Ths caloulation 18 carried out by sxpanding the esxponsntial funciion into a series.

The ratio n’ /n measures the corralati-n of pulse magnitudes in groups 1 and 2 of
the propcxrficml counters. Tre restlta of the experiment ere set forth 1m Tables 1
and 2. Table 1 refers to the angle 2A§—37 degrees and Ta®le 2, to the angle 244210

dearees.
Table 1 Tahle 2
244 =370 B 2o 22 a/n 24$ = 10° I 2 2o al/n
' Aerengememt I 384 218 234 0.93 Arvevgoment I 384 76 66 1.15
Arrengement I 259 147 90 1.63 Mrrangement II 269 Sk . 24 2,25

A8 18 t0 be expected from the pulse distribtution and the above stated considere-
tiona, the correlation of puises according to magnitude for exrangement IX in the
selaction of showers 18 much more sBtrongly expressed than for arrangement I. Hence,
this data also shows that in & vertical dispositon of counters the majurity of the
colncldences ia prodvced.not by slowars dut by some other mechaniem.

A& infloated, tha Ya¥ar hatwasn the counters is suuivalent to sbout 7 grams per
sguare contimeter. Conaequenfly a 8low proton, with a “a1fferent ionization sufficient
to opsrate the apparatus, cannct pass from the upper to the lower counter. As alpha
pariicles of such great emergy are not observed, the colncidences cannot be assumsd
to be produced by single strongly lonizing particles. But 1t is entirely admiesible
that certain heavy particles simltansously appear in the upper coumnter; ons of
these particles has a path sufficlent to pass through the lower coanter. After pass-
ing throngh tne intsrlayer, the particle 1o nlowed up and in falling into the lower
counter i1ts epesific tonization 1s founi to be fivefold or more.

Bat, from the standpoint of this assumpticn. the mmber of coincidences should
greatly depend on the thickness of ths layer between the counters. Ws did not carry
on dstalled research as to thie dependence. But qualitative ohservations made and
also experiments conducted by one of the suthors and V. I, Veksler /B] sicw that the
number of colnciderces ie only slightly dependent upon the thiclmese of the interlaysr.
Furthermore, from the standpoint of such an explanation, the curve of pulse -distribu-
tion according to magnitude should be different for ths upper and lower groupe of
counters. Eence, the assumption appears more plamsible to us that the colncldences
obeerved in a vertical srrangement of counters are explalned by the formation of
< gsecondary particles in the upper and lower groums of counters.
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A similar conclusion ig drawn from observeticn in another experiment conductad
by us at the same altituds and with the sams countera, The plan of this expsriment
18 given 4in Tigure 4. Hers 1 and I are two groups of proporticnal counters and 3
and 4 are groups of Troet counters. The sxperiment comsists of simltanecusly
msaruring by means of two elr rtromagnstic “mmerators® the mmber of triple coime
cldences (1, 2, 3) mnd enticoincidences {1, 2, 3-4) for two aifferent arrangements
of group 3 composed of Trost counters.

Arrvangement A corresponde to a vertical disposition of all {four ymﬁé of
counters; in arrengemont B group 3 is moved out one meter in a horizontel plane.

The eepsitivity of the apraratus remsins the sams se In ths previcus oxveriment
{the minimm recordsd ionlzetion corresponds to the simltanscus £all of about five
relativinatic particies), but the s0li1d angle formed by the apparatus wae somewhat
larger.

The resulis of the mrasurcmenta ars given in Tatle 3.

Fabie 3
Ratio

Arrangsuent A _Arrengement B AZB _
Tripls obincidencss (2, 2, 3) 109%3.7 per hr 23.8%1.1 per hr 0.22%0.015

Antfeoinoidences (1,2, 3-L) 12.47 1.2 per ' 0,2370.13 per hr 0.2270.01
Relation
(i, 2, 3-4) (in ) i.3250 1t .

1, 2,3

As may be Seen in the table, moving group 3 countsrs to a distance of ons meter
lea®a to an 80 percent r¢ action in the mumber of triple coincidences {1, 2, 3). This
moans that in arrangement A at least 50 perosnt of all racoried colnciloences cannot
Do produced by extensive showers. Tius, this data fully confirms the results obtained
by the analysis of the pulse distribution according to magnitude and of tha correlation
o? thair magnitudes. .

To explain the punstrating power of generating particles; an experiment was
made in whicu a 12-centimster-thick lead filter was alternately placed under tha
apparatug and removed from under it. Qualitative measuremsnts mado show that the
mjority, at least, cf the generatirg particles pass through 12 centimsters of lead.
This circumstance demmmstrater once more that the triple coincldencea observed can-
not be produced by fluctuations in the lonizetion of reiativietic particles, I fact,
in this oass the mumber of triple coincidences would be proportional to the total
nusber of relativistic particles passing through the apparatus. BSince at this
altitude the Boft component amounts to 50 parcent of the totai density of cosmic
showers, to place 12 centimeter of lead tnder the counters, thus eliminating the
soft componenst, would helve the mumber of triple coincidences.

Let us now consider again ths gqueation of the ahticoincidences observed (1,
2, 3-4). The figures alduéed show that in arrangsment A in. approximstely 10 per-
cent of the cases discharges in the two upper and lover compartments are not
aoscmpanicd by a dlechargs in the middls compartment of ranti voincidemces. On the
contrary, in arrangement B the comparativs ehare of such cases drops sharply. This
circumstence makes it abundantly clear that amtlcoincldences {1, 2, 3-4) camnct bde
prodnced by poor operation of the chamnel of the anticeincidence amplifier.
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Tt may be assumed that the amticoincidences (1, 2, 34) are explained by a
chance coincidoncs of true enticoincidences (1, 3-105 with a pulee in the counters
of groap 2. With the removal of compertment 3, the number of antiocoinei nces
(1, 3-4) ie 1pduced and. hence ths mumber of anticolncidences (1, 2, 3-\ 18
siminiahed. But control messuremsnié of the mumber of ldentical coihcidenn%s show
thet they amoumt to mot more than 10 pervemt of the effect ocbserved.

Neverthelese, an experiment wae mede to get & supplementary . contrel over
chance coincidsnces; in which both compartmént 1 and compsrtment 3 were moved off
to the side. Their relative positions are not changed theredy. The numbsy of chance
colncidences (1, 2, 3-4) ie thereby increased at the expemss of the ircrease in
(1, 3-4). Therefore, if anticolncidences {1, 2, 3-4) are produced by thance colnci-
dence, thelr absolute number mist thersby be incressed as compared with the nuwmber
of anticoinzidences in arrangement A. Bat, in fact, on moring ths position of com-
partimente 1 and 3, 2.5 anticoincldencese (1, 2, 3-4) per hour are cbserved.

Finally, ome mors control sxperiment wee carried cut in which sn addltional
compartment, compartment 5, with Trosi-type counters, simllar to compartmesnt 3,
was placed under compartment 2, On the ohe herd, peasurements vere made eltermabely
of coincidencee (1, 2, 3) en? anticoincidences (1, 2, 3-1) and, on the other hand,
peasurements of colncidences (1, 2, 3, 5) end snticoincidemses (1, 2, 3, 5-U) vere
wede. The resulte of thie experiment also thme shew that. chance coincldences are
not importent factors in {1, 2, 3-4). _

Plocing cven one and 21 miilimeters of lead under sompartmerts dos® not change .
the number of recorded anticolncidences.

Clesrances between the cocunters in compartment 4, inclunding the walle of the .

counters themselves., amount to approximately 7 - 8 percent of thearea covered by
the counters. IHence, the ascertained“percentage of enticoincidences likewlBe B8NOWS
that they cannot be produced by showers or by groups ocomposed of some charged particles
peseing through the whole apparatue. Since it ie Bhown above thet the affecte recorded
by us cannot be produced by single sirongly lonmizing perticlea, it is likewliee

_ established that in cosmic showers genetically related pulsee are produced by
secondary particles, which are formed in both groups of propertional counters.

The thicknecs of the effective layer from which ths recorded secondary particles
are drawvn ip still not determined. If the effectlve crcss secilon is assumed to ba
of the order 10-2% gquare centiratere at the core and the stream of generating funiz-
ing particles 1 considsrad to amoun® to 10 percent of the dtream of hard compenent
particies, then in order to explain the observed effect of correlatéd pu'mes the
thickness of the effective layer mst bs of the order ¢f magnitude one contimeter of
alumlmm.

Pot 1f tha genarating varticles ere considerpd es nonionizing, then their stream

cen e assumed at least to approximete the stream of the hard componsnt. Further,
1t ,may be assumod that ronionlzing particles appear in the groups, at the expenss
of which thsre is a correspording increase in the probability of a simltanecus

appearance of secondary particles in both groups of proportional counters. Hence,
startirg from the hypothssie of the nonionizing pature of generating particles, we
can aesume a smaller value for the paths of secopdary particles ard the offective
oross section of their formation. Such as assumption sesms more probable Yo us.

N The date obtained indicates the assumption that when a pulse develope in ome
group of cornters, then slow secondary particles ars formed which produce with grest
efficiency 2 pulse in anothsr group of counters.

In conclusion, the authors express theiy thanke to Academician D. V. Skotel'tsym,
and to Professors V. I. Veksler and V. L. Ginzburg for their velucble diecussion of
these terulte.
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